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JUDGMENT OF DEGREE OF SYMMETRY 
IN BLOCK PATTERNS! 
By 
KEN MASAME (JOt fm)2 
(Tohoku University) 
In the field of pattern psychophysics, physical variables of continuous symmetry have been 
used to predict the psychological variables, such as pattern complexity or pattern goodness. 
However, a problem, whether we can perceive symmetry as continuum immediately or not, is not 
examined sufficiently. In this study, this problem was examined by the magnitude estimation 
method. Twenty students were asked to judge the degree of symmetry for 120 patterns. The 
results can be summarized as following three points. First, the rating values were highly 
correlated with the physical measures of the degree of symmetry. Second, the influence for the 
rating of the degree of symmetry differed among the types of the symmetrical structure, namely, 
double, vertical, horizontal, oblique, and 180· rotational symmetry. Third, ways to rate the 
degree of symmetry for given patterns were differed according to the number of blocks in 
patterns. These results show that we can perceive continuous symmetry, at least to some extent. 
Key words: Perception of symmetry, Symmetropy, Subsymmetry, Saturation of symme-
try, Pattern psychophysics. 
In our daily life, we usually use a word of symmetry in a dichotomous meaning, 
namely, it means that an object is full symmetry or approximately full symmetry at 
most. However, symmetry is used as a continuous physical variable in the field of 
pattern psychophysics (Chipman, 1977; Ichikawa, 1985; Yodogawa, 1982). This 
conception of continuous symmetry is somewhat unfamiliar to us. From this matter, 
one question arises. Namely, can we perceive symmetry as continuum immediately 1 
If we can not perceive it, it seems to be unsuitable in the psychological sense that 
continuous symmetry is used to account for such psychological variables as "goodness" 
and "complexity". 
Masame (1986) required the subjects to rate the degree of symmetry of patterns at 
seven steps and examined the possibility of the perception of continuous symmetry. 
His results showed that the subjects could rate the degree of symmetry of patterns 
according to the relatively stable criterion and that the rating values for the degree of 
symmetry of patterns were highly correlated with the physical variables of the amount 
of symmetry. However, his set of patterns was consisted of only 36 patterns and it did 
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not contain all types of symmetry. Because of these, the correspondence between the 
ratings and the physical measures could not be examined sufficiently. 
In this study, a large set of patterns was used to examine the problem whether we 
can immediately perceive continuous symmetry or not. This large set of patterns 
consisted of 120 patterns and contained each type of symmetrical structure. Further-
more, to examine whether we can judge the degree of symmetry of patterns at relative-
ly small steps or not, the magnitude estimation method was used to rate the degree of 
symmetry of patterns. 
METHOD 
Stimuli: 120 patterns were made by painting out some cells in 6 X 6 matrices. 
Patterns are shown in Fig. 1. In order to vary the physical amounts of symmetry 
sufficiently, the set of patterns contained full symmetrical patterns, approximately 
symmetrical patterns, and random patterns. Full symmetrical patterns consisted of 
double symmetrical (abbreviated as D, double symmetry is symmetry on both the 
vertical and horizontal axes), vertically symmetrical (V), horizontally symmetrical 
(H), diagonally symmetrical (0), and 1800 rotational symmetrical (R) patterns. 
Approximately symmetrical patterns were made by the distortion of a pair of elements 
in full symmetrical patterns. The number of painted cells was changed at 3 steps (18, 
12, and 6 blocks). However, double symmetrical patterns, both full and approximate 
symmetry, were changed at 3 steps of 16, 12, and 8 cells, because only 4 X n painted 
cells can construct such symmetrical patterns. 
Apparatus: A microcomputer (NEC, PC9801VM) was used for the pattern 
presentation and for recording the subjects' ratings. Patterns were presented on the 
CRT screen of the microcomputer with white color on a black background. 
Procedure: The subjects observed the CRT screen at a distance of about 50 cm, 
though a chin rest was not used. A symmetrical pattern, which showed vertical, 
horizontal, diagonal, and 180° rotational symmetry, and a random pattern were 
exemplified for the subjects, and rating values of these patterns were defined by the 
experimenter, namely, the former was 100 and the latter was 20. These rating values 
were acted as the criterion to rate the degree of symmetry in patterns. The subjects 
were asked to rate the degree of symmetry to following patterns in accordance with this 
criterion. The subjects were allowed to use rating values which were over 100 or 
below o. The subject's rating was answered through the keyboard of the microcom-
puter. The subjects were emphasized to rate the degree of symmetry according to the 
wholistic impression of a pattern, not through the count of the numbers of symmetri-
cally corresponding elements between two sides. 
After the subject pushed a return-key, an empty matrix was presented as a fixation 
matrix for one second. Immediately after the disappearance of the empty matrix, a 
pattern was presented for one second. The size of patterns was about 3.4° X 3.4° visual 
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Fig. 1. The patterns used in this experiment. 
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angle. 
Another set of 20 patterns was used in a practice session. An experimental session 
consisted of random presentations of 120 patterns. 
Subjects: Subjects were 20 students, graduate and undergraduate, of Tohoku 
University, all possessing normal or corrected-to-normal vision. 
RESULTS AND DISCUSSION 
For each subject, the rating values were transformed to be the maximum of 100 
and the minimum of O. These transformed values were used as the experimental data. 
The physical variables employed for the analyses were as follows: 
1. symmetropy of the whole pattern (WSYM): Symmetropy measured the 
amount of symmetry in a whole pattern through the two-dimensional Walsh transform 
and the entropy in the information theory. For further details, the reader should refer 
to the article of Yodogawa (1982). 
2. symmetropy for partial symmetry of the pattern: To measure partial symme-
try of a pattern, Yodogawa (1982) proposed the observation through the windows. In 
this study, four variables were used, namely, the mean and the standard deviation of 
symmetropy observed through 4x4 or 2x2 windows (abbreviated as PS4M, PS4SD, 
PS2M, and PS2SD, respectively). 
3. subsymmetry: This measure was an application of Alexander & Carey's 
(1968) subsymmetry to two-dimensional patterns. A pattern was scanned by i X j 
rectangles (1;;;;; i;;;;; 6, 1;;;;; j ;;;;; 6, but except 1 X 1 rectangles). If a rectangle was symmet-
rical, a score of i X j was given. Vertical, horizontal, diagonal (upper-right and 
upper-left), and 1800 rotational symmetry was scored independently to i X j rectangles 
(but diagonal symmetry was only scored in cases of i=j). Each type of subsymmetry 
was abbreviated as SUBV, SUBH, SUBO, and SUBR, respectively. SUBW was the 
sum of these scores. SUBVH was the sum of the scores of SUBV and SUBH. 
4. saturation of symmetry: This was an application of Ichikawa's (1985) 
saturation of symmetry. In this study, the saturation was defined as the area of the 
largest symmetrical rectangles in a given pattern. The saturation of vertical, horizon-
tal, upper-right diagonal, upper-left diagonal, and 1800 rotational symmetry was 
computed independently. Each type of the saturation of symmetry was abbreviated 
as SATV, SATH, SATOR, SATOL, and SATR, respectively. SATW was the sum of 
all types of the saturation of symmetry. SATVH was the sum of SATV and SATH. 
5. number of blocks (BLOCK): This was the number of white cells which were 
contained in a given pattern. 
6. number of turns (TURN): When two adjacent sides of a white cell were on 
the boundary between black and white, one turn was counted. This was the same 
manner as Chipman (1977). 
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Possibility of rating for continuous symmetry in patterns 
Table 1 shows the correlation between the rating values and each physical measure 
of patterns. The possibility of the rating for continuous symmetry in patterns was 
examined through the analysis of these correlations. As in Table 1, the correlation 
between the rating values and each physical measure for symmetry, except for diagonal 
symmetry, is relatively high, though both correlations between the rating values and 
two quantitative measures, namely, the number of blocks and the number of turns, are 
relatively low. The correlation between the rating values and each structural type of 
physical symmetry is ordered, from highest to lowest, vertical, horizontal, rotational, 
and diagonal symmetry. 
Fig. 2 shows the relation between the rating values and each structural type of 
symmetrical pattern. The rating values for two kinds of symmetrical patterns, double 
full symmetrical patterns and vertically full symmetrical patterns, were especially 
higher than ones for other kinds of pattern, as in Fig. 2. These results coincided with 
the experimental results of the detection of symmetry well (Barlow & Reeves, 1979; 
Table 1. The correlations between the rating values and the physical 
measures. In table, the full symmetrical pattern-subset, the full 
and near symmetrical one, and the near symmetrical and random 
one are abbreviated as full, full & near, and near & rnd., respective-
ly. Whole means whole pattern-set. 
Pattern-subset 
Variable 
whole full full & near near & rnd. 
WSYM -0.798 -0.720 -0.731 -0.562 
PS4M -0.585 -0.466 -0.424 -0.522 
PS4SD 0.616 0.494 0.550 0.493 
PS2M -0.184 -0.265 -0.128 -0.275 
PS2SD -0.148 0.095 0.038 -0.352 
SUB V 0.731 0.771 0.804 0.451 
SUBH 0.635 0.459 0.602 0.446 
SUBO 0.118 -0.298 0.005 0.212 
SUBR 0.404 0.255 0.498 0.168 
SUBW 0.667 0.589 0.728 0.409 
SUBVH 0.730 0.704 0.778 0.466 
SATV 0.781 0.884 0.822 0.519 
SATH 0.654 0.482 0.552 0.510 
SATOL 0.009 -0.424 -0.207 0.186 
SATOR 0.106 -0.198 -0.026 0.277 
SATR 0.539 0.268 0.500 0.221 
SATW 0.763 0.616 0.755 0.554 
BLOCK -0.127 -0.156 -0.298 0.045 
TURN 0.182 -0.457 -0.446 0.087 
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Fig. 2. The relations between the rating values and the structure of patterns. Each abbrevia-
tion is explained in the text. 
Corballis & Roldan, 1975; Royer, 1981; Masame, 1983). This fact seems to show the 
subjects could rate the degree of symmetry through the extraction of continuous 
symmetrical structure from given patterns. 
However, the subjects introspectively reported as follows. They could give 
highly confident rating when a pattern was perceived as a fully symmetrical or nearly 
symmetrical one, but when a pattern was perceived as a random one, their rating was 
not so confident. To reconsider that the subjects could rate the degree of symmetry for 
random patterns, the patterns were divided into three groups, namely, a full symmetri-
cal, a near symmetrical, and a random pattern-group. And three pattern-subsets were 
made from these pattern-groups, namely, a full symmetrical, a full and near symmetri-
cal, and a near symmetrical and random pattern-subset. For each pattern-subset, the 
correlations between the rating values and the physical measures of symmetry were 
computed (see Table 1). The correlations obtained in the near symmetrical and 
random pattern-subset are lower than ones in other pattern-subsets, though some 
correlation coefficients are significant. And the wholistic tendency is coincident 
among three pattern-subsets. 
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It can be concluded that the subjects could rate the degree of symmetry for a 
random pattern in a way. Although, it is necessary to consider that the confidence of 
rating differed between full and near symmetrical patterns and random ones, and the 
correlations for the near symmetrical and random pattern-subset are relatively lower 
than ones for other pattern-subsets. The judgment of the degree of symmetry for 
random patterns may differ from one for full or near symmetrical patterns. It is 
necessary to consider about this matter fully, when the correspondence between the 
rating values for the degree of symmetry and the physical measures of symmetrical 
structure is examined. 
Oorrespondence between ratings and physical measures 
The correlation between the rating values and each physical measure was stated 
above. The results of multiple regression analyses were described below. 
Table 2 shows the main results of the multiple regression analyses. The multiple 
coefficients are relatively high, when only two or three variables were used for the 
analyses. However, these coefficients are lower than ones of the results of Masame 
(1986), in which the multiple coefficients reached 0.9 or more from some combinations 
of two physical variables of symmetry. This difference seems to be caused by follow-
ing two reasons. First, the method of the rating used in this experiment differed from 
one used in Masame (1986). Second, the pattern-set used in this study contained 
patterns which were differed about the number of blocks. To examine this second 
reason, multiple regression analyses were carried out for patterns in each number of 
blocks (see Table 2). Though the determination coefficients are relatively low for 6 
blocks patterns, the multiple correlation coefficients of 0.8 or more are gained for other 
numbers of blocks patterns. These coefficients are almost the same as ones in Masame 
(1986). This matter shows that the relatively low determination coefficients in this 
Table 2. Main results of regression analysis. 
Variables in Model whole 18 blocks 12 blocks 6 blocks 
SATV SATR 0.821 (.674) 0.867 (.753) 0.858 (.737) 0.775 (.600) 
SATVH SATR 0.823 (.677) 0.850 (.722) 0.874 (.764) 0.779 (.606) 
SATV SATH SATR 0.838 (.702) 0.873 (.761) 0.889 (.791) 0.791 (.626) 
SUBV SUBR 0.745 (.556) 0.828 (.686) 0.860 (.740) 0.741 (.549) 
SUBVH SUBR 0.763 (.582) 0.814 (.663) 0.876 (.767) 0.792 (.627) 
SUBV SUBH SUBR 0.772 (.597) 0.838 (.701) 0.884 (.781) 0.792 (.628) 
SUBVH SUBO SUBR 0.765 (.585) 0.815 (.664) 0.898 (.807) 0.823 (.677) 
SUBV SUBH SUBO SUBR 0.774 (.600) 0.838 (.702) 0.905 (.820) 0.823 (.677) 
WSYM PS4M PS2M 0.812 (.660) 0.854 (.730) 0.912 (.832) 0.764 (.583) 
WSYM SUBW 0.837 (.700) 0.874 (.764) 0.912 (.831) 0.766 (.586) 
WSYM SATHV 0.841 (.708) 0.870 (.757) 0.879 (.773) 0.794 (.631) 
R(R2) 
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experiment were mainly influenced by the difference of the number of blocks which 
constructed patterns. The subjects' ways to rate the degree of symmetry seemed 
different according to the number of blocks in patterns. This might be closely related 
to the pattern presentation time. 
In this study, three physical measures for the degree of symmetry were used, 
namely, symmetropy, sub symmetry, and the saturation of symmetry. In an aspect of 
the prediction of ratings for the degree of symmetry, there is little difference among 
these measures. 
Summary of the present study 
The results of this study can be summarized as follows. First, the rating values 
were highly correlated with the physical measures of the degree of symmetry. This 
coincided with the results of Masame (1986). This leads the conclusion that the 
subjects can rate the degree of symmetry for given patterns. However, the correlation 
coefficients and the confidence for rating differed among the types of patterns, namely, 
full symmetrical, near symmetrical, and random patterns. Criterions for the rating of 
the degree of symmetry might change according to the types of patterns. Second, the 
influence for the ratings of the degree of symmetry differed among the types of the 
symmetrical structure, namely, double, vertical, horizontal, oblique, and 180· 
rotational symmetry. This agreed with the experimental results of the detection of 
symmetrical structure in patterns. Third, ways to rate the degree of symmetry for 
given patterns seemed to be differed according to the number of blocks in patterns. 
Further researches are necessary to consider these matters in the investigation for 
the perception of symmetry as continuum. These matters also should be considered in 
the field of pattern psychophysics, when the continuous physical measures of symme-
try in patterns are used to predict the psychological variables. 
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